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Introduction

41
Upper Cretaceous marine strata preserve evidence for greenhouse warmth on a planet with 
59
In the non-marine Songliao Basin of northeast China, the SK1-S core provides a relatively C org in the North American Western Interior Basin (WIB) (Joo and Sageman, 2014 
XRF data
198
Given that facies changes can significantly alter elemental chemistry of sediments, we 
208
Several trace elements and elemental ratios serve as proxies for water column euxinia 209 where free hydrogen sulfide, a product of sulfate reduction, is present ( known to increase with authigenic pyrite formation, do not increase in Member 1 (Fig.3) . Also,
220
we calculate the chemical index of alteration (CIA), which is a proxy for weathering intensity in weathering intensity, such as Δ 13 C (Fig. 4) and CIA (Fig. 3) . Although we caution that these 316 local observations are of a relatively minor OAE and cannot be assumed globally representative,
317
these results suggest that the perturbations to the Earth system that triggered and sustained OAE3 318 are unique from those that triggered more severe OAEs (e.g., OAE2, Toarcian OAE).
319
Overall, the Qingshankou Formation δ 13 C org chemostratigraphy is highly variable through
320
Member 1 and the lowermost Members 2 and 3. This suggests that dynamic local 321 biogeochemical cycling and environmental conditions, in addition to the global carbon cycle,
322
affected the δ 13 C org values in this interval (Fig. 2) . Furthermore, we interpret the combination of 
Low sulfate and redox conditions in lacustrine Qingshankou Formation
334
The redox sensitive trace element dataset from Qingshankou Member 1 (Sect. Mo/TOC ratios are lowest in the TOC-rich Member 1 (Fig. 3) (Fig. 6 ).
439
Additionally, two strontium isotope measurements in the lower Qingshankou Formation (avg. However, we selected samples from horizons with published proposed evidence (i.e., biomarker)
447
for marine incursions (Fig. 6) . Additionally, we observe no abrupt lithologic alterations in SK1-
448
S commonly associated with lacustrine-marine transitions in other basins (Calvert et al., 1996 ;
449
Poirier and Hillaire-Marcel, 2011 and references therein).
21
In the younger OAE3 interval of Qingshankou Members 2 and 3, the Os i data are less 451 radiogenic, and approach values from the epicontinental marine WIB (Fig. 6) . Again, we do not 452 interpret these data as evidence for a prolonged marine connection to the Songliao Basin, 
Qingshankou Formation Depositional Model
461
Given limited evidence for incursions of saline marine waters in Member 1 (Sect. 5.2- Songliao rift basin through the Qingshankou Formation interval (Fig. 7) . Sustained stratification an expansive fetch (~200-300 km) for generating waves, supports the assertion that the lake was reoxygenation of bottom-waters (Fig. 7) . In the case of thermal stratification, most modern 479 meromictic lakes do not occur outside the tropics (e.g., Lake Tanganyika), and are reinforced by meromixis", stratification from dissolved biochemical products (Boehrer and Schultze, 2008) .
507
Our combined model for Lake Songliao's stratification draws on many physical and geochemical 508 processes, such as temperature gradients, biogenic meromixis, and elevated salinity. We 509 hypothesize that these processes were controlled both by tectonic (i.e., lake depth) and climatic
510
(e.g., P/E) conditions that contributed to a stagnant pool of anoxic bottom-water conducive to 511 deposition of TOC-rich mudstones.
512
Conversely in Members 2 and 3, we propose that TOC-lean grey mudstones were the 513 result of enhanced water column overturning and improved oxygenation of lake bottom-waters.
514
During OAE3, the interval of lowest TOC in the Qingshankou Formation, factors such as,
515
increased seasonality, freshening of bottom-waters, more vigorous wave mixing (i.e., higher 516 surface wind velocity), and/or lake shallowing likely contributed to bottom-water reoxygenation 517 and the demise of stratification (Fig. 7b) . 
Conclusions
